We study the magnetocaloric effect and critical behavior of Co2Cr1−xMnxAl (x = 0.25, 0.5, 0.75) Heusler alloys across the ferromagnetic (FM) transition (TC). The Rietveld refinement of x-ray diffraction patterns exhibit single phase cubic structure for all the samples. The temperature dependent magnetic susceptibility χ(T) data show a systematic enhancement in the Curie temperature and effective magnetic moment with Mn concentration, which is consistent with the Slater-Pauling behavior. The M(H) isotherms also exhibit the FM ordering and the analysis of χ(T) data indicates the nature of the phase transition to be a second order, which is further supported by scaling of the entropy curves and Arrott plot. Interestingly, the Mn substitution causes an increase in the magnetic entropy change and hence large relative cooling power for multi-stage magnetic refrigerator applications. In order to understand the nature of the magnetic phase transition we examine the critical exponents β, γ, δ for the x = 0.75 sample by the modified Arrott plot and the critical isotherm analysis, which is further confirmed by Kouvel-Fisher method and Widom scaling relation, respectively. The estimated values of β = 0.507, γ = 1.056, δ = 3.084 are found to be close to the mean field theoretical values. The renormalized isotherms (m vs h) corresponding to these exponent values collapse into two branches, above and below TC that validates our analysis. Our results suggest for the existence of long-range FM interactions, which decays slower than power law as J(r) ∼ r −4.5 for a 3 dimensional mean field theory.
INTRODUCTION
Heusler alloys have attracted great attention to the scientific community after the discovery of ferromagnetism in Cu 2 MnSn alloy in 1903 [1] . The full Heusler alloys, having X 2 Y Z formula, crystallize in cubic structure with F m3m space group, where X, Y are the transition elements, and Z is the main group element [2] [3] [4] . In recent years, many unique physical properties have been found in Heusler alloys such as shape memory effect [5] [6] [7] [8] , magnetoresistance (MR) [9] , half metallicity, spin filters, and spin injection devices [10] [11] [12] . The half metallic ferromagnets belong to a new class of materials, in which the band structure shows semiconducting nature for one spin channel and metallic for other spin channel, and it was first observed in NiMnSb Heusler alloys by Groot et al. [11] . The observed high magnetic moment, the Curie temperature (T C ) well above the room temperature and half metallic ferromagnetic (HMF) nature in Heusler alloys (in particular Co-based) make them attractive candidate for spintronics applications [12] [13] [14] [15] [16] . In this direction, the ferromagnetic Co 2 CrAl is particularly interesting because of its many useful physical properties; for example T C (330 K) just above room temperature, theoretically predicted 100% spin polarization, anomalous Hall conductivity, and the calculated magnetic moment of 3µ B [17] [18] [19] . Intriguingly, the Co 2 MnAl Heusler alloy has been also predicted to show half metallic ferromagnet with the T C value much higher (about 665 K) and the total magnetic moment equal to 4µ B /f.u., which follow the Slater-Pauling behavior [20] [21] [22] . The appearance of Weyl points near the Fermi energy may cause the anomalous Hall conductivity in these materials [23] . Therefore, it is vital to study the effect of Mn substitution at Cr site in Co 2 CrAl to understand the magnetic properties, which play crucial role in practical applications [24, 25] .
Apart from the HMF nature, magnetocaloric effect (MCE) is one of the most interesting properties found in Heusler alloys, which is useful in magnetic refrigerators [26] . The MCE is a phenomena where a material heats up or cools down on the application or removal of the magnetic field. Initially, rare earth materials were considered to be the best candidates for MCE because of their high value of magnetic entropy change (∆S m ). For example, ferromagnetic element Gd which has a very high magnetic moment shows T C around room temperature and -∆S m = 10 J/kg.K at 5 Tesla field change [27] . However, the high cost of Gd makes it undesirable for the application of commercial magnetic refrigerator. As the Heusler alloys also have the potential for magnetic refrigerator applications, extensive efforts have been made on the study of magnetoclaoric properties in these materials [28] [29] [30] . In particular Ni-Mn-Z (Z = In, Sn, Sb) shape memory Heusler alloys, which show first order phase transition (FOPT), have been widely explored for the magnetic refrigerator applications [31] [32] [33] . These alloys exhibit both conventional and inverse MCE i.e. negative and positive magnetic entropy change (∆S m ), respectively. This remarkable feature of these shape memory alloys is because of the coexistence of both structural and magnetic transitions. These properties are strongly correlated to each other and can easily be tuned with sample composition [34] [35] [36] . Although, the peak value of ∆S m is found to be very high in FOPT alloys arXiv:1907.06114v1 [cond-mat.mtrl-sci] 13 Jul 2019 which is desirable for better cooling efficiency, but the presence of thermal and magnetic hysteresis limits their use in practical applications [37, 38] .
In recent years, the magnetocaloric properties have been explored in Co-based Heusler alloys. These alloys show a second order phase transition (SOPT), and have advantages of broad operating temperature range [39] and absence of thermal and/or magnetic hysteresis [40, 41] . In order to better understand the magnetic transition in these alloys, the study of critical phenomena in the vicinity of the phase transition will have a great significance. The critical behavior across the paramgnetic to ferromagnetic (PM-FM) transition of perovskite manganites in double exchange model was first explained by long range mean-field theory. A few detailed studies of the critical phenomena in double exchange ferromagnetic La 1−x A x MnO 3 (A = Sr, Ca) have been reported in literature [42] [43] [44] . Moreover, the analysis of critical exponents for appropriate model proves very informative in examining the magnetic interactions and establishing a correlation between the critical exponents and exchange integral responsible for ferromagnetic transition. The critical exponents near the PM-FM transition in the austenite phase of Ni 43 Mn 46 Sn 8 X 3 (X = In and Cr) Heusler alloys have been analysed within the framework of long range mean-field theory [45] . The recent results show deviation of critical exponents from the long range meanfield model, which is explained with two different behaviors that belonging to two different universality classes [46, 47] . Although, a close relationship between the critical behavior and magnetic exchange interaction has been perceivd, a fundamental question about the universality class for PM-FM phase transition in these materials is still under debate, and hence need further investigation.
Here we investigate the MCE in the vicinity of PM-FM transition temperature of Co 2 Cr 1−x Mn x Al alloys (x = 0.25, 0.5, 0.75). The powder x-ray diffraction patterns indicate all the samples to be single phase, and the x = 0.75 sample with L2 1 ordering. Our results mainly focus on the magnetic properties of these alloys and highlight the facts about the enhancement of magnetic moment, T C and magnetic entropy change (∆S m ) with Mn substitution for multi-stage magnetic refrigeration applications. These samples show relatively high T C , which is very useful for technological applications and their structural and magnetic properties can be tuned easily/systematically. Therefore, understanding the critical behavior in Co 2 Cr 1−x Mn x Al would provide the information about the nature of the magnetic phase transition and spin interaction in these systems. We have performed a detailed analysis and extracted the critical exponents for the x = 0.75 sample to understand the magnetocaloric properties. We found that the obtained parameters using modified Arrott plot (MAP) and Kouvel-Fisher (KF) method are very close to those expected for the mean field theory. The decay in the interaction distance suggests for the existence of the long-range FM interactions in these samples. Also, we have discussed the field dependent relative cooling power (RCP) in relation to the critical behavior analysis for the x = 0.75 sample.
EXPERIMENTAL DETAILS
The polycrystalline samples of Co 2 Cr 1−x Mn x Al (x = 0.25, 0.5, 0.75) have been prepared by melting the constituent elements using the arc furnace, from Centorr vacuum industries, USA. The proper stoichiometric amount of starting materials of Co, Cr, Mn, Al (from Alfa Aesar or Sigma Aldrich) with purity of ≥ 99.9% were melted on water cooled Cu hearth in the flow of inert argon. Further, we flipped the solid ingot and the melting process was repeated 4-5 times for a better homogeneity. After melting the weight loss was found to be less than 0.8%. Then, the ingots were wrapped in the Mo sheet and sealed into the quartz tube under vacuum and annealed at 575 K for 10 days. The powder x-ray diffraction (XRD) measurements of Co 2 Cr 1−x Mn x Al (x = 0.25, 0.5, 0.75) have been done with Cu Kα (λ = 1.5406Å) radiation at room temperature and the XRD patterns were refined by Rietveld method using FullProf package, where the background was fitted using linear interpolation between the data points. The magnetic measurements were performed using a vibrating sample magnetometer (VSM) option of a physical property measurement system (PPMS, Quantum Design, Inc.) at the core lab for quantum materials at Helmholtz-Zentrum Berlin.
RESULTS AND DISCUSSION
The X 2 YZ Heusler alloys crystallize in the cubic structure (L2 1 ) with space group F m3m. This unit cell consists of four interpenetrating bcc sublattices with X atoms positioned at (1/4, 1/4, 1/4) and (3/4, 3/4, 3/4), Y atom at (0, 0, 0) and Z atom at (1/2, 1/2, 1/2) sites [2] . We present the room temperature XRD patterns of Co 2 Cr 1−x Mn x Al in Figs. 1(a-c) along with the Rietveld refinement using L2 1 structure and F m3m (225) space group. We notice that (111) Bragg peak is not clearly visible in x = 0.25 and 0.5 samples. On the other hand, for the x = 0.75 sample we observed (111) Bragg peak at 2θ ≈ 26.7
• , as shown in the inset of Fig. 1(c) . In general, the presence of (111) and (200) Bragg peaks in XRD confirms the L2 1 type ordering in full Heusler alloys i.e., all the atoms are occupying their own positions. However, absence of only (111) Bragg peak indicates the B2 type atomic ordering in the system, which generally appears due to random occupation between Cr/Mn and Al atoms. The intensity ratio between (111) and (200) peaks can give idea about the degree of disorder present in the system. The refinement and measured XRD pat- terns show that Mn substitution at Cr site increases the degree of ordering [48] and confirm the L2 1 structure in the x = 0.75 sample. Moreover, we observed the shift in the (220) Bragg peak towards the lower 2θ value with increasing the x, as shown in the inset of Fig. 1(b) and consequently lattice constant a increases slightly with the Mn substitution (the x value), see the inset of Fig. 1(c) . This increase in a is contrary to the expectation as the radius of Mn is smaller than Cr. Figures 2(a-c) show the isothermal magnetization M(H) data of Co 2 Cr 1−x Mn x Al for the x = 0.25, 0.5 and 0.75 samples measured at 300 K. Interestingly, these samples exhibit a soft ferromagnetic behavior and the total magnetic moment calculated from isothermal magnetization at 300 K increases with the Mn substitution, as expected from the Slater-Pauling (SP) equation [4, 48] M t = (N V −24), where M t and N V are magnetic moment in Bohr magneton per formula unit (µ B /f.u.) and the number of valence electrons per formula unit, respectively. An increase in Mn concentration would imply an increased number of valence electrons in the sample (as Mn has one more valence electron than Cr); hence, the calculated magnetic moment according to the SP equation is expected to increase, as shown in the inset of moment values (saturation magnetization, M S ) from the isothermal magnetic measurements in FM state at 300 K. We note that the experimental values show an increasing behavior as expected from the SP rule. However, the lower values as compare to the SP rule for the x = 0.25 and 0.5 samples might be due to the presence of atomic disorder, which is suggested to reduce the ferromagnetic ordering (moment) in these Heusler alloys [49, 50] . On the other hand, for the x = 0.75 sample, the M S is almost same as calculated from the SP equation. This is also consistent with the fact that we observed ( is beneficial for controlling the working temperatures for spintronic and magnetic refrigerant applications.
The isothermal magnetization data measured across the transition temperature (T C ) and presented in Figs. 3(a-c) are used to investigate the magnetocaloric effect (MCE) of Co 2 Cr 1−x Mn x Al (x = 0.25, 0.5, 0.75). The change in magnetic entropy (∆S m ) with temperature has been obtained at different magnetic fields from 1 to 9 Tesla using the following Maxwell's relation:
Figs. 3(d-f) show the variation of entropy change (∆S m ) with temperature across T C upto 9 Tesla field strength for Co 2 Cr 1−x Mn x Al (x = 0.25, 0.5, 0.75) samples. All the samples show a peak in ∆S m around the transition temperature. We can clearly see the increase in maximum (∆S max m ) value with increase in the x (Mn concentration). Although, the peak value of ∆S m is lower in SOPT materials as compared to FOPT materials, no hysteresis loss is observed in SOPT materials and hence their refrigeration capacity (RC) can be more useful, discussed in detail later. The calculated values of ∆S max m are 1.9 and 2.4 J/kg.K at 9 Tesla for the x = 0.25 and 0.5 samples, respectively. However, highest ∆S max m value was found for the x = 0.75 sample, which is 3.8 J/kg.K at 9 Tesla. We note that the highest value of ∆S max m for the x = 0.75 sample is relatively lower compare to the other known SOPT materials like expensive Gd [27] . On the other hand, high value of ∆S max m can be found in transition metal based intermetallic alloys, for example Ni 2 MnIn (6.3 J/kg.K at 5 Tesla) [51] , Pt-doped Ni-Mn-Ga (7 J/kg.K at 5 Tesla) [52] , MnFeP 0. 45 As 0.55 (18 J/kg.K at 5 Tesla) [31] , etc. However, the increasing behavior of ∆S max m and broad temperature range is suitable for Ericsson-cycle magnetic refrigerant applications [53] . In this direction, it is important to note that understanding the magnetic properties and MCE makes Co 2 -based Heusler alloys useful for both spintronics and multi-stage magnetic refrigerators. Franco and Conde first proposed a method to check the nature of magnetic phase transition by the MCE. According to this method, for the second order magnetic phase transition (SOPT), all the entropy curves at different applied fields should collapse into a single curve after scaling [54] . In these curves the entropy has been normalized and temperature axis is scaled into θ, which is defined as [55] :
where T r1 and T r2 are the reference temperatures below and above the T C , respectively, corresponding to certain f value and T pk is the temperature corresponding to peak value of ∆S m . In our case f = ∆S m /∆S n , where a is a constant and n is an exponent of magnetic entropy change that depends on the magnetic state of the material. From the entropy change curves, n at different applied fields across the transition temperature can be calculated as [56] :
The dependency of n on temperature have been thoroughly explored for SOPT materials in earlier reports [55] . For a small field, the value of n can not be considered due to multi domain state in the sample. The temperature and field dependent n is shown in Figs. 4(d-f) , where at temperatures well below and above the T C , the value of n found to be equal to 1 and 2, respectively. This means in this temperature range across the transition n changes from 1 to 2 i.e., n = 1 at fairly ferromagnetic region, attains its minimum value at T C and n = 2 in the paramagnetic region as a consequence of Curie-Weiss law, unlike FOPT type materials where n > 2 [57] . This analysis confirms the nature of second order type magnetic transition in the present study and is also consistent with a recent interesting study by Law et al. [57] . The magnetization study shows the magnetic transition from PM to FM state, as also shown by the M as a function of H for selected temperatures near the phase transition, T C . In general, we get more information about the PM-FM transition from Arrott plots, where M 2 vs H/M curves should have the parallel lines in high field region for the mean field model. The Arrott plot is the alternative method to get an idea about the nature of phase transition. According to Banerjee criterion positive and negative slope of straight line fit in Arrott plot is the signature of SOPT and FOPT nature, respectively [58] . From the Arrott plot and Banerjee criterion, we can conclude that Co 2 Cr 1−x Mn x Al (x = 0.75) exhibits a second order phase transition. Moreover, the magnetization curves near PM-FM phase transition temperature should follow the Arrott-Noakes equation of state [59] :
where a, b are constants. The β, γ and T C are critical exponents and Curie temperature, respectively. This equation gives a set of parallel straight lines with correct combination of β, γ and T C . In order to understand the nature of magnetic phase transition near T C , the nature of the ordering and the MC behavior of Co 2 Cr 1−x Mn x Al, we have performed detailed analysis to extract the values of critical exponents (β, γ and δ) for the x = 0.75 sample. Here, the critical exponents β, γ and δ are correspond to the saturation magnetization M S (T), the inverse initial magnetic susceptibility χ −1 0 and the critical magnetization at T C , respectively [59] . The critical exponents β and γ can be calculated using the following equations [60, 61] : As there can be different types of magnetic interactions corresponding to the spin-dimensionality d (discussed later) [63, 64] , the Heisenberg model shows isotropic magnetic coupling, when d = 3, whereas d = 1 belongs to the Ising model and corresponds to an anisotropic magnetic interaction [64] . The tricritical model is applicable to the multiple phase system [65] . These four models have been considered for initial assumption of β and γ val- using equations 5 and 6 gives the new set of critical exponents i.e. β = 0.502, γ = 1.006, as plotted in Fig. 7(a) . The values of these critical exponents are quite close to the values obtained in Fig. 6(b) .
Furthermore, we use Kouvel-Fisher method in order to validate the accuracy of these critical exponents determined from the modified Arrott plot, where the modified equations 5 to 6 are written below as per the KouvelFisher method [60, 61] : β=0.503
γ=1.056
δ=2.903 Here the critical exponents (β and γ) are obtained from the plots of M S (dM S /dT ) −1 vs T and χ
vs T, as shown in Fig. 7(b) . A linear fit to these two curves yields critical exponents where the values of 1/β and 1/γ are determined from the respective slope according to the equations 7 and 8, respectively, as shown in Fig. 7(b) . Also, an intercept on x−axis for each curve corresponds to the T C . In addition, according to the equation 9, the plot between ln(M) and ln(H) at T C should be a straight line with slope of 1/δ. In the inset of Fig. 7(c) , we show the straight line fit, which gives rise the value of δ = 2.903. Moreover, we have utilized another method to check the reliability of δ value using Widom scaling relation γ − β(δ − 1) = 0. The obtained critical exponents from Kouvel-Fisher method are very close to the values determined from Arrott-Noakes equation of state, as listed in Table I . The theoretically calculated parameters are also listed in Table I .
In the present case, the values of calculated critical exponents β and γ are close to the mean field model, which suggests for the presence of long range magnetic interactions in the system [67] . However, it is vital to further confirm this inference. Therefore, it is important to check the scaling equation of state with these critical exponents [37, 71, 72] . The scaling equation of state which describes the relationship between M (H, ), H and T C can be expressed as:
where f − and f + are regular analytical functions below and above T C , respectively. The equation 10 states that for the proper combination of β, γ and T C , the plot of scaled magnetization m = | | −β M (H, ) as a function of scaled field h = | | −(β+γ) H would generate the two distinct branches across the Curie temperature T C . Using equation 10, the scaled m vs scaled h has been plotted in Fig. 8(a) with the above calculated critical exponents (β, γ) and T C . It demonstrates that all the data have separated in two branches below and above T C , where different symbols correspond to different temperatures. The inset in Fig. 8(a) is the same plot, but shown on a log-log scale. The reliability of the exponents and T C has been further ensured with more rigorous analysis method by plotting m 2 vs h/m [ Fig. 8(b) ], where this plot falls in two different branches across the T C .
In the previous section we mentioned that the magnetic interactions in the studied samples are of extended type. Therefore, understanding the nature and range of spin interactions become an important part of this study. The extended type spin interaction is expressed in terms of exchange distance by J(r), in which the long range exchange interaction decays as J(r) ∼ r −(D+σ) and the short range exchange interaction decays as J(r) ∼ e −r/b , where r is the distance, D is the lattice dimensionality, σ is the range of interaction and b is special scaling factor [73] . The σ can be calculated by renormalization group approach using the following equation [63, 64] :
where d is the spin dimensionality,
2 . According to this equation for the experimental value of γ one can calculate the value of σ. Then the obtained σ value can be used to calculate the other exponents using the expressions: υ = γ/σ, α = 2 − υD, β = (2 − α − γ)/2 and δ = 1 + γ/β, where υ is the correlation length exponent. In the present study, for d > 1 and D = 3, the β and δ are close to our previous experimental results calculated by K-F method only for σ close to 3/2, which is less than 2. For three-dimensional material (D = 3) mean field model (β=0.5, γ=1, δ=3.0), the exchange interaction decays slower than power law of J(r) ∼ r −(3+σ) , which is only valid when σ < 2. It is known that σ < 2 corresponds to the long range spin interaction and σ > 2 indicates the short range interaction. This indicates that the exchange interaction, which belongs to the mean field model decays slower than r −4.5 . This analysis reveals the presence of long range spin interactions in the x = 0.75 sample.
As we discussed before, from the variation of n with temperature at various fields, we found the minimum value of n ≈ 0.80 (field independent) below T C , as shown in Figs. 4(d-f) , which is close to the mean field model [74] . The values of n can also be obtained by the critical exponents β and γ at T C i.e. by using n(T C ) = 1 + (β− 1)/(β + γ). In fact, using this formula we estimate n = 0.67, as predicted by Oesterreicher and Parker for the the mean field (β = 0.5, γ = 1, δ = 3) model [74] . In order to understand the relation between the critical behavior and the MCE, we now move to the analysis to check the refrigerator capacity, which depends on the temperatures of the cold and hot sinks of the cooling system and the change in isothermal entropy in the whole temperature range of the cooling cycle i.e., indicates the quantity of heat transferred between the cold and hot ends in the magnetic refrigerant in one ideal thermodynamic cycle [75] . In this context, to find the suitability and efficiency of a magnetocaloric material, another parameter is defined as the relative cooling power (RCP), which is a property of the material, and its high value is desirable in cooling applications [76] [77] [78] [79] . Here, we have investigated the RCP, which is the product of maximum entropy change and the temperature at full width half maximum (FWHM), as the equation below [76] [77] [78] [79] :
where δT FWHM has been calculated from the magnetic entropy curves [see Fig. 3(f) ] by fitting with the Gaussian function. The magnetic entropy peak is relatively broad in our case, which gives rise to a large temperature span (δT FWHM ≈ 75 K at 9 Tesla). Notably, Engelbrecht et al. reported that a material with broad magnetic entropy peak is better than a material with a sharp peak for cooling applications, which suggests that a broad temperature distribution is more attractive for MCE [80] . The value of RCP extracted from the above equation monotonically increases with field and attains a maximum value of about 282 J/kg at 9 Tesla (Fig. 9) , which is quite comparable with the other reported Co 2 -based Heusler alloys [40] . On the other hand, much higher value of RCP ≈400 J/kg at 5 Tesla has been reported for Gd [81] . Here the challenge is to find a rare earth free material and therefore, NiMnX alloys have been extensively studied for better performing MCE [82] [83] [84] [85] . However, they mostly exhibit first order phase transition (FOPT), which causes a large thermal and magnetic hysteresis loss [82] [83] [84] [85] . The present study makes the Co 2 -based Heusler alloys a potential candidate for MCE even at a moderate RCP value where the transition temperature and maximum entropy change can be systematically controlled.
In addition, to emphasize the relation between the critical exponents and the magnetocaloric effect, the RCP can be expressed with the magnetic field power law. The field dependence of power law with exponent b is expressed as RCP∝H b [86] , where b is defined with the critical exponent δ as b = 1 + 1 δ . As listed in Table I , from the calculations of the critical behavior analysis, we find the value of δ = 3.083 for Kouvel-Fisher method. Now taking into account this δ value, the plot of RCP vs field power (H 1+1/δ ) is shown in Fig. 9 . A straight line fit with this power law matches well with the experimental data points, which establishes a correlation between MCE and critical behavior for the x = 0.75 sample. These experimental results and discussion suggest that these Heusler alloys exhibiting second order phase transition could be useful for high temperature cooling applications. Interesting to note that in a multi-stage magnetic refrigerator, the cooling from higher temperature is required in stage by stage manner [87] . These multi-stage refrigerators are very useful for industrial applications, where lower temperature in one stage acts as upper temperature for next stage [87, 88] . Therefore, these magnetic refrigerants with easily tunable magnetic moment and T C can be useful at various operating temperatures. On the other hand, studies to find materials with considerable magnetocaloric effect near room temperature and investigation of the critical behavior with additional probes including heat capacity that can measure direct adiabatic temperature change would be highly desirable [74] .
CONCLUSIONS
In conclusion, we have performed a comprehensive analysis to study the MCE and the critical behavior of Co 2 Cr 1−x Mn x Al (x = 0.25, 0.5, 0.75) Heusler alloys. The PM-FM phase transition is found to be a second order phase transition. The scaled change in magnetic entropy with variation of scaled temperature at different fields collapse into single curve, which also confirms the second order nature of the transition. The determined critical exponents have values corresponding to universality classes of mean-field theory, and match well with the values calculated from modified Arrott plot, KouvelFisher method and critical isotherm. On the other hand, the scaling theory separates the field dependent magnetization in two branches, below and above the T C . The magnetic interactions in this alloy have been explained by the critical behavior and they follow the mean-field model with long range order magnetic interaction. The critical exponents estimated from the renormalization group approach are close to the obtained experimental values for D = 3, d > 1 that point towards the spin interaction of mean-field type with long range interaction and this interaction decays with distance r as J(r) ∼ r −4.5 . The field dependent relative cooling power (RCP) has been studied and discussed to relate with the critical behavior analysis for the x = 0.75 sample. Interestingly, these high T C materials can be used in multi-stage magnetic refrigerators where lower temperature in one stage acts as upper temperature for the next stage. Our study provides insight for making these Co 2 based Heusler alloys of practical use in both spintronic and magnetic cooling applications. However, the challenge remains to enhance magnetic entropy change (∆S m ) and the relative cooling power by maintaining second order phase transition near room temperature. 
